With the increasing burden of chronic illnesses, administrative health care databases hold valuable information that could be used to monitor and assess the processes shaping the trajectory of care of chronic patients. In this context, temporal data mining methods are promising tools, though lacking flexibility in addressing the complex nature of medical events. Here, we present a new algorithm able to extract patient trajectory patterns with different levels of granularity by relying on external taxonomies. We show the interest of our approach with the analysis of trajectories of care for colorectal cancer using data from the French casemix information system.
Introduction
Chronic illnesses are a major burden in both developed and developing countries [5] . Patients with chronic conditions use more services and a greater array of services than other consumers. Multiple encounters of chronic patients with the healthcare system define a so-called "trajectory" of care . Lack of coordination along the trajectory of care, bad implementation of guidelines or inappropriate organization of the healthcare system may have a negative impact on quality and costs of care.
Due to the fragmentation of clinical information systems, little knowledge is readily available to describe and assess the actual processes involved in longterm care, especially in the scope of a cross-institutional analysis. However, in many countries, health information systems routinely collect medical and administrative data at regional or national scale. Among them, case-mix information systems were originally built for hospital activity report and billing purpose [2] . They hold valuable information that could help health care managers and professionals to develop inter-organizational knowledge and bring deeper insights into inpatient care trajectories. In order to produce the expected knowledge and support decision making, case-mix systems have to be turned into longitudinal and patient-centered information systems. This requires the linkage of different stays of a same patient into a sequence that will be further processed. Because of the complex nature and extreme diversity of medical problems, patient care trajectories must be summarized and categorized for allowing meaningful inference about outcomes of particular interest.
Data-mining methods are especially adapted to the analysis of sequences and successfully used in biomedical domain [3, 4, 7, 1] . case-mix systems capture medical problems, procedures, demographic and administrative data using controlled vocabularies and standardized records. In that context, sequences of hospitalizations can be analyzed with sequential pattern mining algorithms [9] . Meanwhile, case-mix records have a multidimensional structure that traditional sequential patterns can not fully reflect. Moreover, the granularity of the initial data may be too fine to generate interesting patterns. The availability of classifications and ontologies used to code information in case-mix systems is an opportunity to integrate additional knowledge into the mining process and achieve better results. Although a few approaches have been developed to tackle the problems of granularity and multidimensionality in sequential pattern mining[8], they are still not adapted to the problem of mining care trajectories.
In this paper, we present an new algorithm, MMISP (Mining Multidimensional Itemsets Sequential Patterns). MMISP is able to extract patterns from care trajectories in a multidimensional temporal database, using external taxonomic knowledge at appropriate levels of granularity. We illustrate this approach in analysing care trajectories for colorectal cancer using data from the french casemix information system.
Problem Statement
The PMSI 1 is the french adaptation of the Diagnoses Related Groups[2]. In the PMSI database, each stay is a standardized record of administrative and clinical data, especially about the institution, the patient's principal diagnosis and the realized medical procedures. In order to formalize the problem, we accordingly model each hospitalization along three dimensions: (i) healthcare institution, (ii) diagnosis and (iii) medical procedure. Two dimensions, i.e. healthcare institutions and diagnosis, are considered as ordered sets with an associated subsumption relation (i.e. a partial ordering). The set of healthcare institutions H, the set of diagnosis DG and the set of medical procedures MP, are given:
-H={t h , uh, gh, uh p , uh n , gh p , gh l }.
-DG={t d , c, r, c 1 , c 2 , r 1 , r 2 }. -MP={mp 1 , mp 2 , mp 3 , mp 4 }.
The subsumption relation for H and DG is defined as below (Figure 1 ).
